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Abstract
This study was conducted to: 1) determine the effects 
of stocking density and dietary protein:energy ratio on 
survival, growth, feed consumption, feed conversion, 
lipo-somatic index, dress-out percentage, and productive 
protein value of common snapping turtles; and 2) 
determine the fatty acid composition of muscle, liver, 
and fat bodies of wild common snapping turtles and common 
snapping turtles fed a diet of known fatty acid 
composition.
Hatchling common snapping turtles, Chelydra 
serpentina, were stocked at five or 10 animals per 
container (29 and 58 turtles/m2, respectively), and fed 
one of seven prepared diets. Six diets contained 30, 35, 
or 40% protein at two digestible energy levels (7 or 9 
kcal DE/g protein). The seventh was a reference diet (66% 
protein and 5 kcal DE/g protein) formulated to equal or 
exceed the whole-body essential amino acid composition of 
wild, common snapping turtles.
Hatchling turtles were fed a formulated feed of known 
fatty acid composition, analyzed for tissue fatty acids, 
and compared to the fatty acid composition from muscle, 
liver, and depot fat from wild, adult turtles.
Hatchling turtles stocked at 58 turtles/m2 exhibited 
greater mortality (P = 0.026), less weight gain 
(P = 0.079), and lower lipo-somatic index (P = 0.004) 
than turtles stocked at 29 turtles/m2. Turtles fed the 
reference diet achieved greater weight gain, higher 
whole-body protein, and higher percentage whole-body 
protein than those fed the other diets (P < 0.001). The 
increased growth of turtles fed the reference diet 
indicated that the protein (amino acid) content and/or 
energy:protein ratio of the reference diet was 
responsible for the increased growth compared to other 
diets.
The fatty acid composition of lipid from tissues of 
the hatchling turtles fed the alligator feed reflected 
dietary fatty acid composition. The fatty acid 
composition of whole-lipid, polar lipid, and nonpolar 
lipid of muscle, and fat bodies of common snapping 
turtles fed alligator feed exhibited the greatest 
variability; liver polar lipids exhibited the least 
variability when compared to wild turtles. Studies to 
determine optimum tissue fatty acid composition of adult 
and juvenile common snapping turtles and minimum dietary 
fatty acid and protein:energy requirements for optimum 
growth and reproductive success should be undertaken.
x
Chapter 1: Introduction
Reptile culture is well-established in Louisiana. 
Louisiana is a major producer of cultured alligators, 
Alligator mississippiensis, with sales totaling in the 
millions of dollars annually. Commercial production of 
red-eared sliders, Pseudemys scripta-elegans, for the 
pet-turtle industry, has also been in existence for 
decades. Several pet turtle farms have established 
breeding stock of the common snapping turtle, Chelydra 
serpentina, and the alligator snapping turtle 
(Macroclemys temminicki) but techniques for breeding and 
culture are poorly defined. Some information has been 
reported on the life history of the common snapping 
turtle (White and Murphy 1973; Christiansen and Burken 
1979; Punzo 1975; Williamson et al. 1989), and this 
information can be very useful in establishing viable 
techniques for commercial aquaculture.
Essential to the successful commercialization of any 
new species is research dealing with various aspects of 
the animal's life history. Knowledge of the animal's 
requirements for reproduction, nutrition, space, and 
other growth criteria are requisite for any commercial 
aquaculture enterprise. To effectively bring any new 
organism into commercial production and eventual
2
domestication, all aspects of its biological requirements 
must be controlled in some manner. These requirements can 
be essentially broken down into five categories: 1) 
reproduction- a consistent supply of young must be 
accessible for grow-out, therefore the organism must be 
able to successfully reproduce in captivity; 2) etiology- 
epizootics have been known to decimate intensively- 
cultured, domesticated or semi-domesticated organisms as 
well as natural populations; 3) genetics- eventual 
genetic manipulation may be required to increase the 
efficacy of reproduction, growth, disease resistance, and 
feed utilization; 4) environmental requirements- many 
species are territorial and have specific space 
requirements for optimum growth; and 5) nutrition- 
successful culture depends on cost-effective feeds which 
will be readily accepted and meet nutritional 
requirements for essential nutrients such as amino acids, 
fatty acids, vitamins, and minerals.
One requirement for commercial production of any new 
species is an inexpensive source of a nutritionally- 
complete feed. Research to determine the dietary 
essentiality of specific nutrients for any animal usually 
begins with the analysis of animals taken from the wild. 
The purpose of these investigations was to obtain 
information on the culture requirements of the common
snapping turtle. Objectives were: 1) determine and 
compare the fatty acid composition of muscle, liver, and 
depot fat of wild, common snapping turtles and turtles 
that have been fed a diet of known fatty acid 
composition; 2) determine the effects of stocking density 
on survival, growth, feed conversion, feed consumption, 
lipo-somatic index, dress-out percentage, and productive 
protein values of common snapping turtles; and 3) 
determine the effects of dietary protein:energy ratio on 
survival, growth, feed conversion, feed consumption, 
lipo-somatic index, dress-out percentage, and productive 
protein value of common snapping turtles.
Literature Cited in Introduction
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Chapter 2: Growth parameters of common snapping turtles, 
Chelvdra serpentina, fed three dietary 
protein:energy ratios at two stocking densities
Introduction
There has been recent interest in the commercial 
production of the common snapping turtle. Numerous 
studies on the ecology (Froese 1976; Congdon et al.
1987), egg incubation (Hoyt 1941; Morris et al. 1983; 
Wilhoft et al. 1983; Packard and Packard 1987), mating 
habits (Hamilton 194 0; Galbraith et al. 1989), and 
feeding habits (Pell 1940; Alexander 1943; Coulter 1957; 
Punzo 1975) of common snapping turtles are in the 
literature, but little data exists on commercial 
production practices and nutritional requirements. 
Information on space requirements and dietary 
requirements for specific nutrients, feed conversion 
ratios, feed consumption, and growth rates of turtles fed 
formulated diets under commercial culture conditions is 
not available.
The objectives of this study were to determine the 
effects of: 1) stocking density, and 2) dietary protein 
level and protein:energy ratio on survival, growth, feed 
conversion (FCR), feed consumption, lipo-somatic index 
(LSI), dress-out percentage, and productive protein value 
(PPV) of common snapping turtles.
Materials and Methods
Common snapping turtle eggs were purchased from a 
commercial producer who obtained them from wild, female 
snapping turtles during the spring of the year. The eggs 
were incubated in moist vermiculite at 26°C. After 
hatching, the turtles were placed into a covered, plastic 
container with dry vermiculite bedding and maintained at 
room temperature (22-24°C) for three weeks while the 
remaining egg yolk was absorbed. The hatchlings buried 
themselves in the bedding and remained there until the 
initiation of the feeding trial.
Facilities
The feeding trial was conducted in an insulated 
metal building located at the Aquacultural Research 
Facility of the Louisiana Agricultural Experiment 
Station, Baton Rouge. The turtle holding system consisted 
of six (91 cm x 200 cm x 15 cm) plastic trays each 
containing seven (50 cm x 35 cm x 22 cm) clear, plastic 
storage containers. Each container was slightly tilted 
along the long axis and had four 9.5 mm holes in the 
bottom. Holes were situated to enable water to collect in 
the lower third of the tilted container. The excess water 
and feces flowed out of the containers through the holes, 
maintaining a constant level of fresh water in the lower
third of each container. This provided access to both wet 
and dry areas in each container.
Each container was individually supplied with heated 
city water (29° C) which was introduced 3-6 times daily 
(more frequent flushing was required as the turtles grew) 
for five-minute intervals to flush the containers. 
Flushing intervals and times were controlled with an 
electronically-actuated valve connected to a timer.
Air temperature inside the building was maintained 
at 26-29°C with an electric space heater. Photoperiod was 
maintained on a 14:10 hr lightsdark cycle with 
fluorescent lighting.
Experimental Diets
Three wild, juvenile, common snapping turtles, 
captured near Crowley, Louisiana, were killed and frozen 
at -10°C overnight, cut into several pieces, and dried at 
95°C for two days. The dried turtles were reduced to a 
coarse meal with a Hobart meat grinder. The meal was 
further ground to <1 mm particle size in a Wiley mill 
(Model 4, Thomas Scientific, Philadelphia, PA). A sample 
from the pooled, three turtles was sent to a commercial 
laboratory (Woodson-Tenent Laboratories, Inc. North 
Little Rock, Arkansas, USA) for amino acid analysis.
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Six diets containing 30, 35, or 40% protein at two 
digestible energy (DE) levels (7 or 9 kcal DE/g protein 
based on DE coefficients of feed ingredients for channel 
catfish, Ictalums punctatus; NRC, 1983) and a reference 
diet (66% protein:5 kcal DE/g protein) were formulated 
(Mixit-2, Agricultural Software Consultants, Kingsville, 
TX) from practical and semi-purified ingredients (Table 
2.1). The reference diet was formulated to equal or 
exceed the whole-body essential amino acid composition, 
on a dry-matter basis, of wild, common snapping turtles 
(Table 2.2).
Fish meal and corn for each diet were reduced to a 
fine meal (<1 mm particle size) in a Wiley mill. Dry 
ingredients were combined and mixed in a V-mixer. All dry 
feed ingredients were placed in a Hobart food mixer and 
blended with fish oil (containing lipid-soluble vitamin 
pre-mix) and sufficient water to facilitate pelleting.
The wet-feed mixtures were pelleted through a 4.78-mm 
steel die in a commercial meat grinder. Strands of 
compressed, wet feed were spread onto a fiberglass window 
screen and air-dried with an electric fan for 48 hours at 
room temperature. Dried diets were stored frozen in 
plastic, zipper-lock bags at -10°C until used. Prior to 
feeding, diets were ground with a Waring blender and 
sieved to an appropriate size for the growing turtles.
Table 2.1. Composition of experimental diets fed to hatchling common snapping 
turtles
Diet1
66:5 30:7 30:9 35:7 35:9 40:7 40:9
Menhaden mealb 20.00 29.60 44.20 39.90 51.50 50.40 60.70
Soy. Cone.' 50.00 12.47 10.86 9.25
Egg Albumin0 14.60
Corn Gluten0 2.42
Ground Corn0 6.78 15.00 31.22 15.00 37.10 15.00 20.00
Fish Oil'1 1.00 1.00 1.00 1.00 1.00 1.00 6.54
Binder® 2.00 2.00 2.00 2.00 2.00 2.00 2.00
CaC03 1.50 1.50 1.50 1.50 1.50 1.50 1.50
k2co3 1.40 1.40 1.40 1.40 1.40 1.40 1.40
Ca2H2P04 1.20 1.20 1.20 1.20 1.20 1.20 1.20
NaCl 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Vit. Mix' 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Min. Mixf 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Cellufil0 34.38 15.97 25.58 2.83 16.79 2.80
DE (kcal/kg) 3354.00 2100.00 2700.00 2450.00 3150.00 2800.00 3600.00
% protein 66.30 30.00 30.00 35.00 35.00 40.00 40.00
% total lipid 3.43 4.47 6.43 5.46 7.35 6.45 13.20
% as fed; 66:5 = 66% protein:5 kcal DE/g protein.
Gulf menhaden (Brevoortia patronus), Zapata-Haynie Corporation, Inc.
United States Biological Corporation, Inc. (USB).
Menhaden oil, Zapata-Haynie Corporation, Inc. Includes 2 ml of lipid-soluble vitamin pre-mix 
containing the following in g/200 ml in Cod liver oil: Vitamin A palmitate (lxlO6 IU/g),
1.8; Vitamin E (1,360 IU/g), 11.02; Cholecalciferol (40,000 IU/g), 0.005; Menadione, 2.5; 
Ethoxyquin, 15.0.
Mix contains the following in g/kg: Thiamin, 3.0; Riboflavin, 3.0; B6, 5.0; B12, 0.0084;
Niacin, 40.0; Calcium Pantothenate, 10.0; Folic Acid, 0.8; Biotin, 0.2; Choline Chloride,
300.0; Myo-Inositol, 10.0; Ascorbic Acid, 90.0.
Mix contains the following in g/kg: ZnS04-7H20, 170.2; FeS04-7H2p, 115.9; CuSO^SHjO, 15.38;
KI, 1.11; MnCl^HjO, 171.4; Na2SeQ2, 0.04.
vo
Table 2.2. Essential amino acid (EAA) composition of wild common snapping turtles* 
and seven experimental dietsb.
Percent of Dry Matter_____________   Percent of Protein
EAA Turtle 30:7 30:9 35:7 35:9 40:7 40:9 66:5 Turtle 30:7 30:9 35:7 35:9 40:7 40:9 66:5
Phe 2.04 1.46 1.36 1.67 1.59 1.87 1.81 3.71 3.43 4.88 4.53 4.76 4.53 4.68 4.54 5.62
Val 2.25 1.71 1.71 2.00 2.00 2.29 2.29 4.05 3.79 5.71 5.71 5.71 5.71 5.73 5.74 6.14
Thr 2.49 1.32 1.33 1.54 1.55 1.77 1.77 2.95 4.19 4.41 4.44 4.41 4.44 4.43 4.44 4.46
Tryp 0.50 0.46 0.59 0.52 0.70 0.50 0.62 0.87 0.84 1.55 1.98 1.49 2.00 1.45 1.54 1.32
lieu 1.96 1.62 1.51 1.86 1.77 2.11 2.05 3.92 3.30 5.39 5.05 5.32 5.05 5.28 5.12 5.94
Met 1.24 0.71 0.90 0.89 1.05 1.08 1.22 1.36 2.09 2.38 3.01 2.56 3.01 2.71 3.06 2.06
His 1.55 0.84 0.79 0.96 0.92 1.08 1.05 1.93 2.60 2.80 2.63 2.74 2.63 2.71 2.61 2.93
Arg 3.37 2.28 1.96 2.57 2.28 2.87 2.62 5.57 5.67 7.60 6.53 7.35 6.53 7.18 6.54 8.45
Lys 3.44 2.33 2.36 2.76 2.76 3.20 3.20 4.87 5.79 7.77 7.88 7.89 7.87 8.01 8.01 7.38
Leu 3.47 2.51 2.59 2.91 3.03 3.31 3.43 5.60 5.84 8.38 8.63 8.30 8.65 8.27 8.58 8.49
* 59.3% crude protein as dry matter (Woodson-Tenent Laboratories, Inc.) 
b NRC, 1983.
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The hatchlings were acclimated to the seven 
experimental diets for three weeks prior to testing. 
During the three-week acclimation period, the turtles 
learned to exit the water to obtain the experimental 
diets (which were placed on the dry, upper end of the 
containers) and returned to the water to eat, with little 
feed wasted. The turtles were fed ad libitum with the 
weight of feed supplied to each container recorded. Since 
the turtles had to exit the water to obtain the feed, the 
total amount of feed presented was used to calculate feed 
consumption, FCR, and PPV.
The feeding trial lasted 21 weeks. Turtles were 
removed from individual containers and placed on paper 
towels prior to weighing to absorb excess moisture. 
Turtles were weighed monthly and weight gains, feed 
consumption, and FCRs determined. Final weights of all 
surviving turtles were compared to identify effects of 
stocking density and dietary treatments.
Experimental Design and Data Analysis
The experimental design was a completely randomized 
split-plot. Stocking densities of 29 and 58 turtles/m2 
(five and 10 animals per container, respectively) were 
randomly assigned to the six trays. The seven
12
experimental diets were randomly assigned to seven 
containers contained within each of the six trays.
Mortality data were transformed (arcsin-squareroot) 
prior to analysis of variance (ANOVA; GLM procedure, SAS 
1985). Differences associated with stocking density and 
dietary treatment from each container were considered 
statistically significant at the P < 0.05 level and 
significantly different means were identified with 
Duncan's multiple-range test.
Growth (mean final weight)1, feed consumption 
(percent body weight/day), and FCRs (total feed provided 
(as fed)/total wet weight gain] were compared by ANOVA. 
Differences were considered significant at the P < 0.05 
level and significantly different means were identified 
with Duncan's multiple-range test.
The final weights of all animals in a container were 
recorded and the mean and standard deviation calculated. 
The two animals in each container that were closest in 
weight to the mean weight + 1 SD for animals in that 
container (Crosbie et al. 1987) were chosen for 
determination of LSI, dress-out percentage, whole-body 
protein, dry matter content, and PPV [PPV = (whole-body
1 Analysis of variance indicated no significant 
difference between weights of hatchling turtles at 
initial stocking.
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protein gain) (protein consumption)'1 x 102]. Whole-body 
protein for each of the two animals selected from each 
container was determined by the macro-Kjeldahl procedure 
(Kjeltec 1030 auto analyzer, Tecator Instrument Co., 
Hoganas, Sweden). Lipo-somatic indices, dress-out 
percentages, percentage whole-body protein, percentage 
dry-matter, and PPVs associated with density and dietary 
treatments were compared by ANOVA; significantly 
different means were identified with Duncan's multiple- 
range test.
Results
There were no significant interactions between 
stocking density and dietary treatments for all 
parameters investigated (P > 0.34).
Hatchling turtles which had not been previously 
introduced to any food began feeding within a few minutes 
when offered the experimental diets.
Turtles stocked at 10 animals/container (58 
turtles/m2) exhibited greater mortality (P = 0.026), 
lesser final weight (P = 0.079), greater feed consumption 
(P = 0.26), greater FCR (P = 0.13), greater percentage 
whole-body crude protein (P = 0.14), lesser percentage 
whole-body dry matter (P = 0.035), lesser LSI (P =
14
0.004), and lesser PPV (P = 0.12) than turtles stocked at 
5 animals/container (29 turtles/m2) (Table 2.3).
Final body weight (Table 2.4) and whole-body protein 
level (Table 2.5) of turtles fed the reference (66:5) 
diet was significantly higher (P < 0.001) than that of 
turtles fed the other diets. Turtles fed the 66:5 diet 
grew at a faster rate than turtles fed other diets 
(Figure 2.1).
There were no significant differences in mortality 
with respect to dietary treatment (P > 0.49).
The mean LSI of turtles fed the 40:9 diet was 
significantly greater than the LSIs of turtles fed the 
other diets (P < 0.001; Table 2.4). Lipo-somatic indices 
of turtles fed the 30:7, 30:9, 35:7, 40:7, and 66:5 diets 
were not significantly different. Lipo-somatic indices of 
turtles fed the 30:9, 35:9, 40:7, and 66:5 diets did not 
differ significantly (P > 0.05; Table 2.4).
Feed conversion ratio (FCR) of turtles fed the 66:5 
diet was significantly improved (P < 0.05) from FCRs of 
turtles fed the other diets, with the exception of 
turtles fed the 40:9, and 35:9 diets. Feed conversion 
ratios of turtles fed 40:7, 40:9, and 35:9 did not differ 
significantly (P > 0.05), nor did FCRs of turtles fed 
diets with 30:7, 30:9, 35:7, and 40:7 (Table 2.4).
Table 2.3. Mortality (N=42), mean final weights (N=281), 
feed conversion ratio (FCR) (N=42), lipo-somatic index 
(LSI) (N=80), feed consumption, dress-out percentages, 
productive protein values (PPV), percentage dry matter 
(N=40), and percentage whole-body protein (N=40) of 
turtles associated with two stocking densities. Standard 
error in parentheses. Means in each row with different 
letters are significantly different (P < 0.05).
Stocking density
5/container 10/container
Mortality % 5. 7b (2.02) 12.9* (1.80)
Final weight(g) 92.5* (3.81) 79.0* (2.48)
FCR 1.5* (0.07) 1.9* (0.10)
LSI 5.2" (0.20) 4. 4b (0.19)
Consumption1 1.5* (0.05) 1.6* (0.07)
Dress-out2 28.4* (0.80) 29.1* (0.39)
PPV3 27.8* (1.12) 24.0* (1.27)
Dry matter % 25.2* (0.29) 25. 0b (0.25)
Crude Protein % 55.5* (0.69) 56.9* (0.77)
1 Percentage body weight/day. (N=42).
2 Percentage bone-in meat. (N=80).
3 PPV = (increase in body protein) (protein consumed)'1 x
102. (N=40) .
Table 2.4. Mean final weights (N=281), lipo-somatic index (LSI), feed conversion 
ratio (FCR)(N=42), feed consumption, and dress-out percentage of common snapping 
turtles fed seven experimental diets1. Standard errors in parentheses.
Diet2 Weiaht fa) LSI3 FCR Feed Cons.4 Dressout5
30:7 79.33b (4.75) 4.06° (0.22) 2.00* (0.14) 1.78* (0.09) 28.56* (0.46)
30:9 81.50b (5.58) 4.63bc (0.30) 1.95* (0.21) 1.75* (0.10) 27.28* (0.81)
35:7 78.89b (6.30) 3.97c (0.27) 1.95* (0.22) 1.82* (0.06) 29.29* (0.93)
35:9 84.15b (5.15) 5.06b (0.23) (0.17) 1. 38b (0.04) 29.35* (0.46)
40:7 73.76b (4.87) 4.28bc (0.35) 1. 72*b(0.08) 1. 41b (0.05) 29.80* (0.86)
40:9 80.26b (5.55) 6.68* (0.41) 1.52bc(0.11) 1. 42b (0.09) 28.24* (0.42)
66:5 106.98* (5.54) 4.50bc (0.13) 1.26° (0.06) 1. 23b (0.04) 29.38* (2.35)
1 Values in the same column with the same letter are not significantly (P<0.05) 
different.
2 Percentage crude protein:kcal DE/g protein.
3 LSI = (g body fat/g total weight)*100. (N=80).
4 Percentage body weight per day. (N=42).
5 Percentage bone-in meat. (N=80).
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Table 2.5. Productive protein value (PPV), percentage whole-body protein (N=40), 
and percentage dry matter (N=40) of common snapping turtles fed seven experimental 
diets1. Standard errors in parentheses.
Diet2 PPV3 Percent Protein Percent Drv Matter
30:7 26.98* (1.58) 57.68b (1.66) 24.03c (0.29)
30:9 27.93* (2.50) 54.27de (1.03) 25.22bc (0.32)
35:7 25.62* (2.51) 56.52bcd (0.94) 24.35* (0.30)
35:9 30.25* (3.22) 54.76cdc (0.64) 24.83bc (0.43)
40:7 24.52*b (1.25) 57. SI1* (0.56) 25.43b (0.51)
40:9 26.25* (1.57) 52.47e (0.73) 26.86* (0.45)
66:5 19.85b (1.19) 60.51* (0.42) 24.95**° (0.38)
1 Values in the same column with the same letter are not significantly (P<0.05) different.
2 Percentage crude protein:kcal DE/g protein.
3 PPV = (Total protein gain/total protein fed)* 100. (N=40).
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Figure 1. Growth rates of common snapping turtles fed seven experimental diets. 
Stocking densities pooled. Diets in legend. (N=281).
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Feed consumption of turtles fed the 30:7, 30:9, and 
35:7 diets was significantly greater than feed 
consumption of turtles fed the other diets (P < 0.0001), 
but did not differ from each other (P > 0.05). Feed 
consumption of turtles fed the 35:9, 40:7, and 40:9,
35:9, and 66:5 diets were not significantly different, (P 
> 0.05).
Dress-out percentages did not differ significantly 
among turtles, regardless of diet fed (P > 0.79)(Table 
2.4) .
Productive protein values for turtles fed the 66:5 
diet was significantly lower than the values for turtles 
fed the 30:7, 30:9, 35:7, 35:9, and 40:9 diets (P <
0.015; Table 2.5).
Percentage whole-body protein was significantly 
greater (P < 0.0001) in turtles fed the 66:5 diet.
Turtles fed the 30:7, 35:7, and 40:7 diets did not differ 
in percentage whole-body protein, nor did turtles fed the 
35:7, 35:9, and 40:7 diets. Percentage whole-body protein 
did not differ significantly in turtles fed the 30:9, 
35:9, and 40:9 diets (P > 0.05)(Table 2.5).
Percentage dry matter was significantly higher in 
turtles fed the 40:9 diet than in turtles fed the other 
diets tested (P < 0.003). Turtles fed the 30:9, 35:7,
35:9, 40:7, and 66:5 diets did not differ significantly 
in percentage dry matter, nor did turtles fed the 30:7, 
30:9, 35:7, 35:9, and 66:5 diets (P > 0.05; Table 2.5).
Discussion
Stocking Density
Growth and survival of hatchling common snapping 
turtles is inversely related to stocking density. 
Hatchling turtles which failed to gain weight (runts) 
eventually died. Hildebrand (1929), in culture 
experiments with the diamond-back terrapin, Malaclemmys 
terrapin, described a similar situation in which runts 
were inactive, seldom entered the water, and failed to 
feed. Mortalities associated with high stocking density 
occurred with diamond-back terrapins but young terrapins 
could be maintained at stocking densities as high as 323 
animals/m2 without a significant increase in mortality.
Mortality associated with stocking densities in 
this study might have been related to the snapping 
turtle's feeding and defensive behaviors (Dodd and Brodie 
1975). Even newly-hatched common snapping turtles have 
been known to strike aggressively when presented with a 
stimulus (Carr 1952). Although no aggressive behavior was 
observed among turtles confined within the same 
experimental container, food-competition hierarchies and
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behaviors involved in dominance competition have been 
described in juvenile common snapping turtles (Froese and 
Burghardt 1974).
With feed available at all times, it seems unlikely 
that all of the turtles could have been physically 
prevented access to the feed. Stress associated with 
dominance hierarchies, social status, and crowding has 
been shown to reduce growth in fishes (Schreck 1981) and 
mammals (Snyder 1975). McKnight and Gutzke (1993) 
reported that the growth rate of hatchling common 
snapping turtles was significantly improved when they 
were housed individually rather than placed with other 
hatchlings. Food-competitive behavior and stress 
associated with dominance hierarchies within each 
container could have contributed to the decreased growth 
response of turtles confined at higher densities.
The turtles in this study were confined to a 
relatively small area where they could not escape from 
more aggressive conspecifics. Marschall (1978) studied 
space requirements in larval bullfrogs, Rana catesbieana. 
Bullfrog tadpoles were grown at similar densities but 
with different total areas available to them. The larvae 
occupying the containers with the larger total area grew 
significantly better than larvae stocked at similar 
densities but in a more-confined space. Situations
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present in commercial grow-out ponds with high turtle 
densities but with larger total area (e.g., crowding vs 
cramping) may provide subordinates with an avenue of 
escape from more aggressive turtles and allow adequate 
growth at commercially-viable densities.
Lipo-somatic index [(wet fat weight)(wet whole-body 
weight)'1 x 100] is an easily determined and useful 
procedure for the determination of fat deposition in some 
reptiles. Goldberg (1972) used this index to determine 
the amount of depot fat in iguanas. Snapping turtles, 
like most reptiles (Derickson 1976), deposit the bulk of 
their fat stores in discrete, subcutaneous, or visceral 
fat bodies (corpora adiposa). The fat bodies in common 
snapping turtles are located around the legs and neck and 
are easily removed by dissection. Associated with the 
lower final weight of turtles stocked at the higher 
density, was a significant decrease in lipo-somatic 
index. Although it follows that increased activity and 
concomitant increased energy use associated with 
competition for food among individuals in the same 
container might decrease the fat levels found in turtles 
as density increases, it could not be determined from 
these data if increased activity took place. Stress due 
to social interactions and crowding has also been shown 
to increase lipid catabolism (Selye 1950).
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Experimental Diets
Culley and Falcon (1991) fed hatchling, common 
snapping turtles catfish feed (32% crude protein) and 
alligator feed (45% crude protein) in a twelve-month 
study. Average weights of turtles fed the catfish and 
alligator feeds for 12 months were 2 61.0 g (range: 68.0- 
441.0 g) and 431.0 g (range: 98.0-825.0 g), respectively. 
Turtles fed formulated diets in the Culley and Falcon 
study and in the present study exhibited a much better 
growth response than turtles in other studies which were 
fed fresh foods such as chicken, beef liver, and fish 
(Williamson et al. 1989; Brooks et al. 1991; McKnight and 
Gutzke 1993).
Increases seen in the growth rates of turtles fed 
all of the experimental diets during the third month of 
the feeding trial (Figure 2.1) are related to increases 
in mortality. Many of the turtles which failed to feed 
(runts) began to die during this period and subsequently 
were not include in the calculations for average weight.
Minimum dietary requirements for essential amino 
acids and amino acid availability coefficients are 
unknown for the common snapping turtle. One method of 
ensuring adequate amounts of all essential amino acids is 
to feed excessive amounts of protein to overcome the 
effects of one or more limiting essential amino acids
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(NRC 1983). Since the reference diet was high in crude 
protein and formulated to meet or exceed the whole-body 
essential amino acid levels found in wild, common 
snapping turtles, it can be presumed that EAAs were not 
limiting in this diet.
When EAA levels were viewed as a percentage of crude 
protein, the EAA levels in all of the diets, except the 
66:5 diet, equaled or exceeded total EAA levels found in 
wild snapping turtles. In some cases, EAAs in the test 
diets were higher than corresponding EAAs in the 66:5 
diet; yet, the reference diet performed significantly 
better. It seems unlikely, assuming adequate consumption 
of protein with individual EAA levels equivalent to or 
exceeding the total EAA levels of protein found in wild 
turtles, that deficiency of any one EAA limited growth.
It is well known that animals adjust the amount of 
food they eat to satisfy energy requirements (NRC 1983). 
Feed consumption, in most animals, is regulated by the 
amount of available energy in the diet (Sibbald et al. 
1956; Yoshida et al. 1957) and generally decreases with 
increasing dietary DE levels (Lovell 1979). In the 
present study, turtles fed diets with DE levels at or 
below 2,700 kcal/kg consumed significantly more than 
turtles fed diets containing DE levels at or above 2,800 
kcal/kg. These figures, however, were based upon feed-
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ingredient energy digestibility coefficients derived from 
channel catfish (NRC 1983). Since digestibility 
information is not available for the common snapping 
turtle, channel catfish data were used because both 
animals are omnivorous, aquatic ectotherms.
Since the majority of the energy provided in the 
66:5 diet came from protein, it follows that some of the 
dietary protein was used to meet the energy requirements 
of the turtles fed this diet. This suggests that the 
protein sources used in this diet were highly digestible 
with amino acids being deaminated for energy metabolism.
Feed conversion ratios improved as dietary protein 
increased. Although FCR and dress-out percentage of 
turtles fed the 40:9 diet did not differ significantly 
from those fed the 66:5 diet, the higher levels of 
dietary fat and the significant increase in depot fat 
(LSI) in turtles fed the 40:9 diet may account for the 
lack of differences. Since commercial producers of common 
snapping turtles seek to optimize muscle weight gain, 
increasing depot fat by feeding excess energy would not 
be cost effective.
Feed conversion ratios of turtles fed diets with the 
same protein level improved as the levels of cellulose 
decreased and levels of dietary corn increased. However, 
the only significant difference in FCR among diets with
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the same protein level was an increase in the FCR of the 
35:7 diet compared with the 35:9 diet. Differences in FCR 
of turtles fed diets with the same protein levels may be 
related to the differences in the cellulose content of 
the diets.
Dietary protein was being used to fulfill some of 
the energy requirements of turtles fed the 40:7 and 66:5 
diets as evidenced by the decreased PPVs. Since feed 
ingredient energy digestibilities for snapping turtles 
are unknown, true dietary P:E ratios were unknown in this 
study. However, the improved growth response of turtles 
fed the 66:5 diet illustrates the potential for improved 
growth efficiency of common snapping turtles with dietary 
manipulation.
Protein:energy requirements of turtles, may be 
attributed, in part, to the behavior of the snapping 
turtle. Snapping turtles remain inactive as they digest a 
meal. Accounts of wild snapping turtles burying 
themselves in the mud in shallow water after feeding and 
the tendency of satiated turtles to remain more sedentary 
than unfed turtles have been reported (Knight et al.
1990). Although activity was not assessed in the present 
study and the turtles presumably fed to satiation since 
feed was available at all times, many of the turtles 
seemed content with remaining motionless. Throughout the
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feeding trial, the young turtles could be handled without 
eliciting the biting, defensive response typical of wild 
snapping turtles when disturbed. Sedate behavior 
minimizes the maintenance requirement for energy thereby 
sparing protein for growth. This may explain the improved 
growth response and the significantly higher protein 
level observed in turtles fed the 66:5 diet.
Dietary lipid (present primarily as fatty acid 
triacylglycerol) appeared to be well utilized for energy 
needs by common snapping turtles, as evidenced by the 
higher LSI of turtles fed the 40:9 diet. The total 
digestible energy and the high fat content of the 40:9 
diet significantly increased the LSI of young turtles 
relative to that of turtles fed the other diets, 
indicating the 40:9 diet contained excess DE. The 
deposition of excess dietary energy in the form of 
increased body fat has been previously described for 
channel catfish (Garling and Wilson 1976). Associated 
with higher body fat content were decreases in whole-body 
protein and body moisture content which is consistent 
with published information on other aquatic ectotherms 
(Daniels and Robinson 1986; Reigh and Ellis 1992).
Punzo (1975) reported that wild, common snapping 
turtles eat not only animal matter, but also a 
considerable amount of vegetable matter. In some turtles,
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over 50% of the food consumed was plant material.
Although carbohydrate digestibility coefficients have not 
been determined, given its natural diet, it is likely 
that the common snapping turtle is capable of efficient 
utilization of dietary carbohydrate for energy needs. 
Thus, inexpensive dietary carbohydrate sources might be 
used in the formulation of artificial feeds to spare 
dietary protein for growth. Differences seen in the LSIs 
of turtles fed diets with 35:7 and 35:9 furnished 
evidence of this. The LSI of turtles fed the 35:9 diet 
(37.1% corn) was significantly higher than the LSI of 
turtles fed the 35:7 diet (15% corn). Although some of 
the energy in the 35:7 diet was provided by an increased 
amount of lipid, the additional energy contributed by 
lipid (170 kcal/kg) was less than the additional energy 
contributed by the added corn (420 kcal/kg).
Given the varied diet of the common snapping turtle, 
plant proteins should be well-utilized for maintenance 
and growth. Alligators, which are carnivorous in the 
wild, utilize soybean protein concentrate effectively in 
formulated diets (Staton et al. 1990). The 66:5 diet was 
formulated to contain 50% soybean protein concentrate, 
which contributed a large part of the protein and energy 
in this diet. The 66:5 diet outperformed all of the other 
diets tested in almost every growth parameter except PPV.
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This was not unexpected, due to the amino acid 
composition and high protein content of this diet, but 
effective utilization of such high levels of dietary 
vegetable protein was clearly demonstrated.
Dismissing the 66:5 diet from consideration as a 
practical diet for commercial grow-out on the basis of 
cost (66% protein), the 35:9 diet performed better than 
the other diets tested based on growth, PPV, LSI, and 
FCR.
In summary, stocking density has a significant 
effect on the survival and growth of common snapping 
turtle hatchlings. Research will be required to determine 
the maximum stocking density necessary for efficient 
commercial production systems. Hatchling common snapping 
turtles appear to effectively utilize a diet that 
contains plant proteins, lipid, and carbohydrate.
Although improvements in feed formulations can probably 
approach the performance of the reference diet at a 
reduced cost, analyses to determine nutrient 
digestibility coefficients of inexpensive, commonly-used 
feed ingredients are required. Further research is 
necessary to determine adequate dietary protein and 
energy sources, optimum dietary protein levels, and 
optimum protein:energy ratios for efficient commercial 
grow-out of common snapping turtles.
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Chapter 3: Fatty acid profiles of muscle, liver, and fat 
bodies of wild and cultured common snapping turtles, 
Chelydra serpentina
Introduction
It has long been accepted that the fatty acid 
composition of body tissues, especially depot fat, 
reflects dietary fatty acid composition in fish and other 
animals (Kelly et al. 1958; Carroll 1965; Stickney and 
Andrews 1972). Since essential fatty acids (EFA) cannot 
be synthesized de novo from acetate in animals, they must 
be supplied from dietary sources. Although much of the 
information pertinent to understanding the function and 
dietary reguirements for specific fatty acids in aguatic 
ectothermic vertebrates has been limited to fishes 
(Watanabe 1982; Bell et al. 1986; Green and Selivonchick 
1987; Sheridan 1988), there have been studies on dietary 
EFA requirements of aquatic reptiles such as the American 
alligator, Alligator mississippiensis (Staton et al.
1990) and the estuarine crocodile, Crocodylus porosus 
(Garnett 1985).
The culture requirements of the red-eared slider, 
Pseudemys scripta-elegans, which is sold in the pet 
turtle industry, have been determined (Haga 1970). 
Recently, there has been interest in commercial
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production of the common snapping turtle, Chelydra 
serpentina. Currently, markets for the meat are supplied 
from the wild fishery although there are a few producers 
culturing the common snapping turtle commercially.
There has been no work with turtles with respect to 
dietary requirements for EFAs; but the fatty acid 
profiles of several species of wild turtles, including 
the common snapping turtle, have been reported (Ackman et 
al. 1971; Wilhoft, unpublished data). Ackman et al.
(1971) analyzed the depot fat from a single, common 
snapping turtle, which had been held in captivity for two 
years, and fed a diet consisting primarily of freshwater 
and marine fish. The fatty acid composition reported was 
probably not representative of wild, common snapping 
turtles.
The objective of this study was to determine the 
fatty acid composition of muscle, liver, and fat bodies 
of wild, common snapping turtles and common snapping 
turtles which were fed a diet of known fatty acid 
composition.
Materials and Methods
Five adult, wild, common snapping turtles were 
collected from irrigation canals located in East Baton 
Rouge Parish, Louisiana, for fatty acid analysis. Six,
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common snapping turtles hatchlings, obtained from Memphis 
State University, were fed a 40% protein commercial 
alligator feed (Burris Mill and Feeds, Inc., Franklinton, 
Louisiana) for approximately 18 weeks. These turtles did 
not receive any other food prior to fatty acid analysis.
Fattv Acid Analysis
Muscle, liver, and fat-body samples were removed, 
weighed, and stored under nitrogen at -80°C until 
analyzed. Lipids were extracted from tissues with 
chloroform-methanol (2:1) (Folch et al. 1957). Lipid 
extracted from each wet tissue sample was weighed to 
determine percentage of total lipid. Whole-lipid from 
each tissue was separated into polar and nonpolar 
fractions by thin-layer chromatography (Whatman, Silica 
gel 150A K5) using petroleum etherrethyl ether:acetic 
acid (85:15:1) as the solvent. Whole-lipid, polar lipid, 
and nonpolar lipid were saponified with 0.5 N KOH in 
methanol at 80°C. Saponified lipids were transmethylated 
by the addition of 0.7 N HC1 in methanol and 14% BF3 in 
methanol (Sigma B-12 52, Sigma Chemical Co. St. Louis, 
Missouri) at 80°C. Five ml of saturated NaCl and 4 ml of 
hexane were added to the tubes and thoroughly mixed by 
inversion. The top hexane layer, containing the fatty 
acid methyl esters (FAMEs), from each of the tubes was
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transferred to screw-capped incubation vials containing a 
small amount of anhydrous NaS04 and placed into a 
refrigerator until analyzed.
Hexane and FAMEs from each tube were transferred to 
a clean test tube and concentrated under N2. A Hewlett 
Packard gas chromatograph (HP 5890), equipped with a mass 
selective detector (HP 5971) and a DB-23 column (30 m x 
0.25mm id, J&W Scientific, Folsom, California), was used 
to separate and identify FAMEs. Gas chromatographic 
separations were accomplished under the following 
conditions: 80:1 split; 0.84 ml/minute carrier gas (He) 
flow through the column; injection port temperature 
250°C; oven temperature program, 160°C for 8 minutes, then 
2°C/minute increase to 200°C; total run time 38 minutes.
Fatty acid methyl esters were identified by 
comparison with retention times and/or mass spectra of 
FAME standards. Tricosanoic acid (23:0) was used as an 
internal standard for calculation of individual FAME 
response factors and FAME concentrations expressed as 
percentages of total tissue fatty acids.
Statistical Analysis
Wet-tissue lipid percentages were determined from 
total lipid extracted from each sample. Lipid levels of 
specific fatty acids were expressed as percentages of
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total fatty acids from each tissue fraction (whole-lipid, 
polar lipid, and nonpolar lipid). Percentage data were 
arcsin-squareroot transformed and tested for statistical 
significance (P < 0.05) by analysis of variance (ANOVA; 
GLM procedure of SAS, 1983). Percentages of total wet- 
tissue lipids and percentages of each individual fatty 
acid in whole-lipid, polar lipid, and nonpolar lipid 
fractions of each tissue were the variables tested for 
differences between wild and cultured turtles. 
Significantly different means were separated by the least 
significant difference (LSD) procedure (P < 0.05).
Results
The fatty acid composition of (1) the commercial 
alligator feed, (2) the whole-body fatty acid composition 
of a single, juvenile, common snapping turtle fed 
alligator feed exclusively , and (3) the whole-body fatty 
acid composition of a single, juvenile turtle captured 
from the wild is presented in Table 3.1. These data are 
presented for comparative purposes only and no 
significant conclusions can be drawn from them. The 
relatively low levels of highly-unsaturated fatty acid 
(HUFA) precursors such as linolenic acid (18:3n3) and 
arachidonic acid (20:4n6) in the feed and the concomitant
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decreases of 18:3n3 and 20:4n6 in the cultured turtle, 
when compared to wild turtles, is most pronounced.
Although fat levels were relatively higher in the 
muscle, liver, and depot fat of the cultured turtles, 
there were no significant differences (P < 0.05) in the 
percentage of total lipid from the wet tissues of both 
wild and cultured turtles (Table 3.2).
Fatty acid profiles of whole-lipid, polar lipid, and 
nonpolar lipid from tissues of cultured turtles exhibited 
significant deviations from the fatty acid composition of 
wild turtles. Specifically, percentages of 18:ln9,
18:ln7, 18:2n6, and total n9 fatty acids were 
significantly higher in the whole-lipid of cultured 
turtle muscle than in muscle of turtles captured from the 
wild, while percentages of 18:3n3, 20:4n6, total 
monoenoic, total dienoic, and total PUFAs were 
significantly lower in the cultured turtles (Table 3.3). 
The polar fraction of cultured-turtle muscle lipids 
paralleled dietary fatty acid composition. Low levels of 
dietary 16:2n4, 18:3n3, and 20:4n6 induced significant 
decreases of these fatty acids in the polar fraction of 
turtle muscle lipid. Levels of 18:2n6 and total dienoic 
fatty acids, which were relatively high in the feed, 
caused levels of these fatty acids to increase
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Table 3.1. Fatty acid composition* of commercial 
alligator feed (N=3), a juvenile, common snapping turtle 










14:0 2.64 4.12 2.31
16:0 23.27 18.30 19.91
16:ln7 4.41 6.96 6.60
16:2n4 1.35 0.00 2.28
16:3n4 0.24 0.00 0.00
18:0 5.41 4.78 6.75
18:ln9 33 .00 39.01 13.83
18:ln7 2.03 3.90 6.00
18:2n6 20.59 17.26 11.48
18:2n4 0.00 0.42 0.00
18:3n3 1.12 0.67 4.47
20:ln9 0.14 1.03 0.00
20:2n6 0.00 0.17 0.00
20:4n6 0.00 0.49 12.29
20:5n3 3 .99 0.80 2.98
22:5n3 0.00 0.71 4.12
22:6n3 1.72 1.38 6.98
Z sats 31.32 27.20 28.97
Z unsats 68.59 72.80 71.03
Z monoenoic 39.58 50.9 26.43
Z dienoic 21.94 17.85 13.76
Z PUFA 7.07 4.05 30.84
Z n3 6.83 4.05 18.55
Z n9 33.14 40.04 13.83
Z n6 20.59 17.92 23.77
n9/n6 1.61 2.23 0.58
n6/n3 3.01 4.42 1.28
* Percentage of total fatty acids. 
b Whole-body fatty acid composition.
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Table 3.2. Percentage of total lipid from wet muscle 
(N=ll), liver (N=8), and fat-bodies (N=8) of wild and 
cultured common snapping turtles. Standard error in 
parentheses. Means in the same row with the same letter 
are not significantly (P < 0.05) different._____________
Tissue Wild Cultured
Muscle 0.93* (0.12) 1.16* (0.16)
Liver 10.79* (3.63) 16.75* (2.87)
Fat Body 61.85* (20.96) 69.12* (1.14)
significantly relative to levels found in the wild 
turtles. The nonpolar fraction of the cultured turtle's 
muscle lipid displayed significantly lower percentages of 
16:2n4, 18:3n3, 20:4n6, and total saturated fatty acids 
while levels of 18:ln9, total unsaturated, total 
monoenoic, and total n9 fatty acids significantly 
increased (Table 3.3).
Percentages of 16:2n4, 16:3n4, 18:3n3, 20:4n6, 
22:5n3, total PUFA, and total n3 fatty acids decreased 
significantly in the lipid extracted from fat bodies of 
cultured turtles, while levels of 18:ln9, total 
monoenoic, and total n9 fatty acids increased 
significantly (Table 3.4). Percentages of 18:3n3 and 
total saturates decreased significantly in the polar 
fraction of cultured-turtle fat bodies, while percentages 
of 18:3n4, 22:6n3, and total unsaturates increased
Table 3.3. Mean percentage of total fatty acids from muscle of wild and cultured
common snapping turtles. Standard error in parentheses. Means in each row with
common icons are significantly (P < 0.05) different. (N=ll) .____________________
Turtle Muscle
Fatty Wild Wild Wild Cultured Cultured Cultured
Acid Polar NonPolar Whole- liDid Polar NonPolar Whole- liDid
14:0 0.82 (0.16) 2.56 (0.49) 1.83 (0.23) 0.92 (0.15) 2.70 (0.21) 3.12 (0.61)
16:0 15.46 (0.69) 14.20 (0.51) 19.16 (3.96) 15.17 (1.11) 12.39 (0.88) 15.17 (0.71)
16:ln9 0.16 (0.10) 1.12 (0.54) 0.20 (0.20) 0.12 (0.12) 1.65 (0.15) 0.09 (0.09)
16:ln7 4.24 (0.91) 5.63 (1.14) 3.82 (0.85) 4.55 (0.62) 5.09 (0.67) 5.10 (0.70)
16:2n4 0.81 (0.07)* 1.37 (0.21)' 1.05 (0.23) 0.34 (0.07)* 0.51 (0.17)' 0.71 (0.38)
16:3n4 0.82 (0.28) 1.17 (0.32) 0.50 (0.23) 0.36 (0.36) 1.03 (0.47) 0.20 (0.20)
16:4nl 0.85 (0.25) 0.66 (0.34) 0.31 (0.13) 0.67 (0.17) 0.06 (0.06) 0.14 (0.14)
18:0 6.31 (0.74) 7.53 (0.99) 6.37 (0.52) 5.52 (0.29) 5.23 (0.51) 6.53 (0.43)
18:ln9 12.96 (1.05) 18.55 (2.72)' 12.64 (1.66)° 13.41 (0.49) 28.62 (0.66)' 17.72 (1.50)°
18:ln7 3.87 (0.51) 4.43 (0.45) 3.43 (0.20)° 3.76 (0.21) 4.70 (0.37) 4.43 (0.35)°
18:2n9 2.80 (2.80) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
18:2n6 11.88 (3.05)* 12.49 (0.67)' 11.40 (0.88)° 22.17 (1.46)* 15.78 (0.85)' 18.68 (1.61)°
18:2n4 0.16 (0.10) 0.93 (0.58) 1.67 (0.10) 0.00 (0.00) 0.08 (0.08) 0.00 (0.00)
18:3n6 0.00 (0.00) 0.00 (0.00) 0.13 (0.13) 0.15 (0.15) 0.35 (0.35) 0.00 (0.00)
18:3n4 0.89 (0.57) 0.83 (0.52) 0.46 (0.46) 0.52 (0.52) 0.98 (0.58) 0.16 (0.16)
18:3n3 1.75 (0.16)* 1.75 (0.46)' 1.75 (0.14)° 0.08 (0.08)* 0.61 (0.21)' 0.11 (0.07)°
18:4n3 0.06 (0.06) 0.47 (0.20) 1.02 (0.32) 0.00 (0.00) 0.52 (0.27) 0.89 (0.31)
18:4nl 0.00 (0.00) 0.18 (0.18) 0.27 (0.27) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)


















20:ln9 0.92 (0.46) 2.03 (0.71) 1.01 (0.45) 0.99 (0.47) 2.30 (0.63 0.93(0.42)
20:2n6 0.42 (0.12) 0.43 (0.18) 0.57 (0.15) 0.55 (0.18) 0.81 (0.37 0.27(0.12)
20:3n6 1.08 (0.12) 0.36 (0.26) 0.36 (0.23) 1.29 (0.21) 0.69 (0.25 1.22(0.41)
20:4n6 20.23 (1.11)* 12.72 (3.46)' 19.60 (2.71)° 8.49 (0.58)* 3.82 (0.19 f 6.58 (0.56)6
20:4n3 0.41 (0.22) 0.00 (0.00) 0.20 (0.20) 0.71 (0.47) 0.06 (0.06 0.41(0.19)
20:5n3 5.68 (1.27) 2.24 (0.21) 4.31 (1.06) 7.72 (0.29) 2.99 (0.54 6.25(0.79)
22:5n3 3.07 (0.79) 3.06 (0.31) 3.88 (0.81) 3.13 (0.40) 2.80 (0.58 3.30 (0.23)
22:6n3 4.34 (0.66)* 5.14 (0.31) 5.75 (1.20) 9.39 (1.29)* 6.02 (0.91 8.02(0.66)
2 sats 22.60 (1.53) 24.42 (0.88)# 27.36 (3.95) 21.61 (1.43) 20.54 (1.32 # 24.81(0.89)
2 unsats 77.40 (1.53) 75.56 (0.88)* 72.64 (3.95) 78.38 (1.43) 79.47 (1.32 i 75.18(0.89)
2 mono 22.15 (1.77) 31.76 (4.40)* 21.10 (2.20)° 22.83 (0.99) 42.35 (1.96 # 28.28(1.56)°
2 dienoic 16.06 (0.61)* 15.23 (1.02) 13.19 (1.06)° 23.06 (1.29)* 17.18 (0.42 19.66(1.24)°
2 PUFA 38.79 (3.37) 28.59 (3.37) 38.14 (4.06)° 31.79 (2.78) 19.87 (2.63 26.84(2.20)°
2 n3 15.32 (1.84) 12.66 (0.41) 16.38 (3.53) 21.02 (1.95) 13.01 (1.91 18.97(1.94)
2 n9 16.84 (2.67) 21.70 (2.91)* 13.85 (1.28)° 14.52 (0.53) 32.56 (1.40 i 18.74(1.21)°
2 n6 33.62 (3.15) 26.01 (3.72) 32.66 (3.18)° 32.45 (0.99) 21.46 (0.62 26.74(1.90)°
n9/n6 0.57 (0.18) 0.98 (0.26) 0.44 (0.60) 0.45 (0.02) 1.53 (0.10 0.71(0.05)
n6/n3 2.38 (0.41) 2.10 (0.36) 2.34 (0.47) 1.63 (0.16) 1.89 (0.37 1.50(0.19)
Table 3.4. Mean percentage of total fatty acids from fat bodies of wild and
cultured common snapping turtles. Standard error in parentheses. Means in each row
with common icons are significantly (P < 0.05) different._________________________
Turtle Fat Bodies
Fatty Wild* Wild* Wildb Cultured* Cultured* Culturedb
Acid Polar NonPolar Whole- liDid Polar NonPolar Whole- liDid
14:0 2.12 (1.17) 2.40 (0.77) 2.04 (0.38) 0.73 (0.06) 3.03 (0.27) 2.63 (0.44)
16:0 17.34 (2.26) 15.16 (2.22) 14.84 (1.40) 14.58 (0.82) 17.41 (1.00) 18.22 (1.97)
16:ln9 0.61 (0.61) 0.40 (0.40) 0.35 (0.350 1.07 (0.67) 0.09 (0.09) 0.00 (0.00)
16:ln7 7.30 (2.93) 7.71 (2.53) 7.48 (1.66) 4.04 (0.17) 7.49 (0.90) 7.00 (1.06)
16:2n4 1.88 (0.10) 2.59 (0.94)* 2.39 (0.62)0 0.76 (0.29) 0.73 (0.06)' 0.72 (0.02)
16:3n4 1.04 (0.83) 1.40 (0.10)f 2.47 (0.63)° 2.40 (0.44) 0.58 (0.10)' 0.45 (0.04)
16:4nl 0.45 (0.45) 1.34 (1.34) 0.00 (0.00) 0.90 (0.32) 0.00 (0.00) 0.00 (0.00)
18:0 5.91 (1.90) 3.67 (0.81) 4.34 (0.56) 4.12 (0.42) 3.66 (0.22) 4.66 (0.27)
18:ln9 18.62 (0.30) 26.09 (2 - 74)# 26.48 (0.60)° 18.42 (1.18) 35.93 (0.92)' 41.79 (2.00)
18:ln7 3.36 (0.36) 4.25 (0.31) 4.49 (0.30) 2.71 (0.09) 3.81 (0.14) 3.09 (0.97)
18:2n6 11.65 (1.67) 14.05 (3.40) 15.06 (2.15) 14.37 (0.55) 18.49 (1.10) 13.83 (4.30)
18:2n4 0.55 (0.28) 0.47 (0.24) 0.54 (0.33) 1.29 (1.06) 0.27 (0.09) 0.17 (0.10)
18:3n6 0.00 (0.00) 0.28 (0.16) 0.14 (0.14) 0.00 (0.00) 0.04 (0.04) 0.05 (0.05)
18:3n4 0.00 (0.00)* 0.22 (0.11) 0.00 (0.00) 3.50 (0.58)* 0.23 (0.08) 0.07 (0.07)
18:3n3 2.31 (0.48)* 3.45 (0.61)' 3.83 (0.28)° 0.00 (0.00)* 0.94 (0.12)' 0.51 (0.17)
18:4n3 0.73 (0.50) 0.35 (0.35) 0.43 (0.25) 0.00 (0.00) 0.37 (0.13) 0.20 (0.12)
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Wild Cultured Cultured Cultured
Whole- lioid Polar NonPolar Whole- lipid
1.77 (0.82) 3.41 (0.53) 0.97 (0.09 1.18 (0.07)
0.99 (0.55) 0.78 (0.33) 0.20 (0.07 0.22 (0.08)
0.11 (0.11) 1.17 (0.14) 0.52 (0.06 0.04 (0.04)
2.91 (0.47)° 9.01 (0.62) 0.30 (0.10 i 0.33 (0.13)°
0.57 (0.42) 0.60 (0.38) 0.12 (0.07 0.38 (0.31)
2.25 (0.67) 6.05 (0.75) 0.15 (0.11 0.77 (0.29)
2.75 (0.33)° 4.53 (1.60) 1.32 (0.22 1.15 (0.09)°
3.58 (0.97) 5.57 (0.77)* 2.56 (0.15 2.32 (0.15)
21.15 (1.26) 19.43 (1.25)* 24.27 (0.96 25.76 (2.50)
78.85 (1.26) 80.57 (1.25)* 75.73 (0.96 74.24 (2.50)
38.23 (3.88)° 29.64 (1.20) 48.29 (0.42 » 53.06 (2.38)°
18.49 (3.19) 17.19 (0.69) 19.70 (1.10 14.93 (4.33)
21.99 (4.49)° 33.13 (2.17) 7.63 (0.36 # 5.88 (0.52)°
13.48 (1.34)° 16.76 (2.87) 6.45 (0.38 » 5.32 (0.36)°
26.10 (3.59)° 22.90 (1.24) 36.99 (0.90 f 42.96 (1.99)°
22.65 (5.02) 25.33 (0.85) 19.18 (1.10 14.46 (4.42)
1.42 (0.40) 0.91 (0.03) 1.95 (0.14 9.51 (7.23)
1.75 (0.40) 1.65 (0.26) 3.00 (0.20 2.57 (0.75)
ui
significantly. The percentages of 16:2n4, 16:3n4, 18:3n3, 
20:4n6, total PUFA, and total n3 fatty acids found in the 
nonpolar fraction of cultured turtle fat was 
significantly lower than levels found in wild turtles, 
while levels of 18:ln9, total monoenoic, and total n9 
fatty acids increased (Table 3.4). The whole-lipid and 
polar fraction of turtle liver lipids exhibited the least 
amount of variability. Significant decreases occurred in 
percentages of 18:3co3 and 20:4n6 in both fractions from 
the liver of cultured turtles (Table 3.5). In addition, 
cultured-turtle liver whole-lipid showed a significant 
decrease in 16:2n4. The nonpolar fraction of cultured 
turtle liver lipids however, displayed significantly 
lower percentages of 16:2n4, 16:3n4, 18:3n3, 20:4n6,
20:4n3, and total PUFA, while levels of 18:0, 18:ln9, and 
total n9 fatty acids increased (Table 3.5).
Discussion
The fatty acid composition of animals in the wild is 
usually a reflection of their natural diet. Although 
animals in an aquatic food chain have some control over 
the fatty acid composition of specific biomembrane 
components, the basic pattern originates from the lower 
trophic levels in that chain (Jezyk and Penicnak 1966).
Table 3.5. Mean percentage of total fatty acids from liver of wild and cultured
common snapping turtles. Standard error in parentheses. Means in the same row with
common icons are significantly (P < 0.05) different. n=8.__________________________
Turtle Liver
Fatty Wild Wild Wild Cultured Cultured Cultured
Acid Polar NonPolar Whole- lipid Polar NonPolar Whole -liDid
14:0 0.56 (0.22) 4.34 (1.25) 2.84 (0.52) 1.55 (0.61) 4.26 (0.21) 3.97 0.57)
16:0 15.65 (0.81) 12.35 (0.93) 13.43 (0.44) 13.81 (1.00) 11.12 (0.99) 10.76 0.92)
16:ln9 0.00 (0.00) 0.55 (0.43) 0.00 (0.00) 0.26 (0.26) 0.15 (0.15) 0.30 0.18)
16:ln7 4.59 (1.70) 10.12 (3.68) 9.62 (3.87) 5.14 (1.55) 9.82 (1.36) 7.97 1.17)
16:2n4 0.96 (0.16) 1.26 (0.20)' 1.41 (0.07)° 0.38 (0.10) 0.51 (0.03)' 0.31 0.11)
16:3n4 0.21 (0.21) 1.68 (0.34)* 0.78 (0.39) 0.20 (0.12) 0.47 (0.13)' 0.60 0.16)
16:4nl 0.00 (0.00) 0.08 (0.08) 0.00 (0.00) 0.99 (0.99) 0.00 (0.00) 0.00 0.00)
18:0 6.26 (0.38) 1.95 (0.21)' 3.60 (1.17) 6.06 (1.23) 2.73 (0.18)' 3.71 0.29)
18:ln9 12.16 (1.79) 28.83 (3.67)# 24.28 (5.10)° 19.65 (3.30) 36.37 (1.02)' 35.43 1.51)
18:ln7 2.87 (0.38) 5.31 (1.15) 5.17 (1.30) 3.53 (0.23) 5.59 (0.41) 5.48 0.40)
18:2n6 15.57 (1.87) 18.11 (4.89) 16.78 (3.95) 19.27 (1.09) 19.99 (1.86) 19.60 1.73)
18:2n4 0.15 (0.15) 0.12 (0.12) 0.00 (0.00) 0.00 (0.00) 0.07 (0.07) 0.00 0.00)
18:3n6 0.00 (0.00) 0.08 (0.08) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 0.00)
18:3n4 0.00 (0.00) 0.90 (0.40) 0.19 (0.19) 0.68 (0.51) 0.49 (0.14) 0.22 0.13)
18:3n3 1.18 (0.28)* 2.61 (0.53)' 2.20 (0.24)° 0.19 (0.12)* 0.42 (0.11)' 0.37 0.16)
18:4n3 0.00 (0.00) 0.32 (0.16) 0.37 (0.19) 0.00 (0.00) 0.06 (0.06) 0.19 0.11)
20:0 0.00 (0.00) 0.06 (0.06) 0.05 (0.05) 0.13 (0.09) 0.11 (0.05) 0.19 0.07)
(Table continued)
Turtle Liver
Fatty Wild Wild Wild Cultured Cultured Cultured
Acid Polar NonPolar Whole--liDid Polar NonPolar Whole -liDid
20:ln9 0.67 (0.44 1.77 0.53 1.27 (0.50) 0.28 (0.49) 0.88 (0.14) 0.91 0.32)
20:2n6 0.00 (0.00 0.55 0.13 0.32 (0.20) 0.22 (0.15) 0.47 (0.11) 0.22 0.13)
20:3n6 0.22 (0.22 0.88 0.39 0.54 (0.29) 0.49 (0.20) 0.27 (0.11) 0.25 0.15)
20:4n6 24.41 (3.54 * 3.14 0.96 # 8.74 (4.70) 9.10 (2.03)* 0.52 (0.21)# 1.77 0.45)
20:4n3 0.00 (0.00 0.55 0.20 0.25 (0.25) 0.00 (0.00) 0.11 (0.11)# 0.08 0.08)
20:5n3 5.91 (2.08 1.81 1.42 1.93 (1.43) 3.78 (0.96) 0.84 (0.23) 1.46 0.37)
22:5n3 2.14 (0.16 2.34 0.76 2.29 (0.82) 4.21 (0.77) 2.05 (0.36) 2.76 0.69)
22:6n3 5.49 (1.91 3.30 1.62 3.94 (1.73) 9.08 (2.05) 2.70 (0.43) 3.46 0.91)
2 sats 22.46 (1.17 18.69 1.10 19.92 (0.62) 21.55 (1.69) 17.41 (1.15) 18.63 0.72)
2 unsat 77.54 (1.17 81.31 1.10 80.08 (9.62) 78.45 (1.69) 81.78 (1.21) 81.37 0.72)
2 mono 20.29 (3.59 43.57 7.48 40.33 (10.04) 29.86 (4.81) 52.82 (2.16) 50.09 3.16)
2 dienoic 16.69 (2.06 20.04 5.17 18.51 (4.21) 19.86 (0.95) 21.04 (1.91) 20.13 1.63)
2 PUFA 40.56 (2.64 17.15 4.39 # 20.99 (6.02) 28.73 (4.40) 7.81 (1-31)' 11.08 2.33)
2 n3 14.73 (2.66 10.93 3.97 10.99 (4.16) 17.26 (3.20) 6.18 (0.93) 8.33 1.77)
2 n9 12.83 (1.59 28.14 2.89 # 25.54 (4.90)° 21.19 (3.19) 37.41 (1.04)# 36.64 1.69)
2 n6 41.20 (5.08 22.76 6.29 26.38 (9.12) 29.08 (3.02) 21.25 92.06) 21.83 2.09)
n9/n6 0.33 (0.07 1.49 0.51 1.35 (0.63) 0.84 (0.28) 1.85 (0.22) 1.76 0.29)
n6/n3 3.04 (1.00 2.54 0.89 2.98 (1.25) 1.90 (0.28) 3.55 (0.19) 2.82 0.33)
Ac»
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The differences in fatty acid patterns observed between 
wild-caught and captive common snapping turtles is 
consistent with observations made with fishes and other 
animals (Kelly et al. 1958; Carroll 1965; Chanmugam et 
al. 1986).
Depot lipids of cultured turtles showed significant 
variation in fatty acid composition from wild turtles in 
nonpolar and whole-lipid fractions from fat bodies. The 
decreased levels of 18:3n3, 20:4n6, total PUFA, and total 
n3 fatty acids reflected the diet of the cultured turtle. 
Turtles, like most other reptiles, store excess energy in 
fat-storage bodies (corpora adiposa) (Derickson 1976) 
located around the legs and neck. Since animals deposit 
dietary fatty acids (primarily as nonpolar 
triacylglycerol) relatively unchanged (Carroll 1965; 
Takeuchi and Watanabe 1977; Farkas et al. 1980; Sheridan 
1988), the similarity in the fatty acid composition of 
cultured-turtle depot fat (whole-lipid and nonpolar 
lipid) and alligator feed, was not unexpected.
Many animals selectively incorporate long-chain 
unsaturated fatty acids in phospholipid (Green and 
Selivonchick 1987). Fatty acids present in the diet 
normally affect the fatty acid composition of polar lipid 
(phospholipids) to a lesser extent than neutral lipids
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(Jezyk and Penicnak 1966) which is consistent with the 
fatty acid composition of liver lipids in the cultured 
turtles. The polar fraction of the cultured-turtle liver 
lipids exhibited the least variability from wild turtles. 
Since hepatocytes are metabolically very active and 
membrane function depends mainly upon its membrane polar- 
lipid fatty acid composition (Bell et al. 1986), the 
turtles apparently were able to sequester specific fatty 
acids, present in relatively low amounts in the diet, for 
incorporation into liver membrane phospholipids. Since 
enzymes necessary for many metabolic functions are 
located in liver membranes, it follows that this is the 
site of greatest need. The liver is also the major site 
of fatty acid synthesis in fishes (Green and Selivonchick 
1987) .
Fatty acids which can be synthesized de novo from 
acetate (all saturated fatty acids, n7, and n9 
unsaturated fatty acids) will continue to constitute a 
significant proportion of tissue lipids regardless of 
their presence or absence in the diet. Relative levels of 
these fatty acids may increase, however, if the animal is 
fed a fat-free diet (Carroll 1965) or a diet low in EFAs. 
Relative increases in these fatty acids were seen in the 
nonpolar lipid and whole-lipid from tissues of turtles 
fed the alligator feed, where levels of fatty acids such
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as 18:0, 18:ln9, and total n9 fatty acids (which are 
products of lipogenesis) increased. Similarly, levels of 
EFAs will inevitably decrease in the absence of a dietary 
supply. Levels of 16:2n4, 16:3n4, 18:3n3, and 20:4n6 
(which require dietary precursors or must be supplied in 
the diet), of turtles fed the alligator feed, decreased 
relative to levels found in the tissues of wild turtles.
The presence of 22:5n3 was not detected in the 
alligator feed but was present in all tissues analyzed. 
This suggests that 22:5n3 is a necessary component of 
membrane lipids and that snapping turtles have the 
capacity to convert 20:5n3 -*• 22:5n3.
Although determination of specific EFA requirements 
was not the aim of this study, and since the fatty acid 
composition of the diet of wild turtles was unknown, 
specific EFA deficiencies cannot be determined from these 
data. However, the lack of measurable amounts of 20:3n9 
(which is synthesized de novo in the absence of dietary 
EFAs) in any lipid fraction and the concomitant 
20:3n9/20:4n6 ratios below 0.4, indicated that EFAs were 
not deficient in this diet (Mohrhauer and Holman 1963).
Low levels (relative to adult, wild turtles) of 
presumed EFAs in the tissue, such as 18:3n3 and 20:4n6, 
in turtles fed prepared diets might not affect growth of 
juvenile turtles. Freshwater turtles do not necessarily
52
elongate and desaturate 18:2n6 -* 20:4n6 in proportions 
relative to available C18 fatty acids (Ackman et al.
1971). Freshwater turtles, like freshwater fish, may not 
immediately convert 18:2n6 -*• 20:4n6 if there is no 
immediate physiological need (Ackman 1967). The fatty 
acid composition of polar and nonpolar lipids is 
dependant on a variety of factors, including nutritional 
(Sheridan 1988) and developmental state, and particularly 
stage of sexual maturity (Freemont and Marion 1982). The 
differences of 20:4n6 in wild and cultured turtles may be 
related to age of the two groups.
Linoleic acid (18:2n6) is the major polyenoic fatty 
acid of nonmarine animals (Brockerhoff et al. 1968). 
Because the alligator feed used in this study contained a 
large amount of 18:2n6 but very little 20:4n6, and all 
tissues of turtles fed this diet exhibited significantly 
less 20:4n6 than wild turtles, snapping turtles may lack 
the ability to elongate and desaturate 18:2n6 -» 20:4n6.
If tissue levels of 20:4n6 in wild turtles are an 
indicator of the levels of this fatty acid in the natural 
diet, wild turtles appear to receive an ample supply of 
dietary 20:4n6 in nature (Ackman 1967). The American 
alligator, which has the ability to convert 18:2n6 -+ 
20:4n6, requires a dietary source of 20:4n6 for maximum 
growth at warm temperatures (Staton et al. 1990). The
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same may be true for the common snapping turtle, although 
levels of 20:4n6 in juvenile turtles fed alligator feed 
may have been adequate for growth under the conditions of 
this study.
Arachidonic acid (20:4n6) is one of the primary 
fatty acid precursors of longer-chain HUFAs and 
metabolically active metabolites such as prostaglandins 
(PG) and thromboxanes (Lehninger 1982). The effect of 
relatively low dietary and tissue levels of 20:4n6 on 
future PG synthesis in common snapping turtles and its 
concomitant role in reproductive functions in unknown.
In summary, whole-lipid, polar lipid, and nonpolar 
lipid in muscle and f'at-bodies of common snapping turtles 
reflect dietary fatty acid composition. Dietary fatty 
acid composition appears to have a less-pronounced effect 
on liver polar lipid. Optimum and minimum tissue levels 
of specific fatty acids needed for maximum growth of 
common snapping turtles are unknown. Research to 
determine the ability of the common snapping turtle to 
convert 18:2n6 -♦ 20:4n6 and their requirement for dietary 
18:3n3 and 20:4n6 is required.
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Chapter 4: Conclusions and recommendations
Increased stocking density has a significant effect 
on growth parameters important to the successful 
commercialization of the common snapping turtle including 
reduced survival and growth. Research to determine the 
optimal stocking density for commercial production of the 
common snapping turtle is required.
Dietary lipid, plant protein, and plant carbohydrate 
sources seem to be well-utilized by the common snapping 
turtle. Although studies to determine digestibility 
coefficients of feed ingredients used in commercial feed 
formulations are required, it appears that improvements 
in growth parameters essential for commercial production 
can be obtained with dietary manipulation.
The fatty acid composition of whole-lipid, polar 
lipid, and nonpolar lipid of muscle and fat bodies of 
juvenile common snapping turtles reflects dietary fatty 
acid composition. The fatty acid composition of hepatic 
polar lipid of juvenile turtles fed a commercial 
alligator feed varied the least, with levels of only two 
fatty acids (18:3n3 and 20:4n6) being significantly 
lower, when compared to wild, adult turtles.
Juvenile common snapping turtles may have no need to 
convert 18:2n6 -*■ 20:4n6 for growth, or have a limited
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ability to do so. Studies to determine minimum dietary 
requirements for specific fatty acids for optimum growth 
and reproductive success should be undertaken.
Appendix A: Gas chromatogram of the whole-body fatty
acid* composition from a single, wild, juvenile common
snapping turtle._______________________________________
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Fatty acid methyl esters; Peak at 23.13 = internal
standard (23:0) .
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Appendix B: Gas chromatogram of the whole-body fatty
acid* composition from a single juvenile common snapping
turtle fed alligator feed.
A b u n d a n c e T I C :  K A X 3 7 . D
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Appendix C: Gas chromatogram of the fatty acid*
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standard (23:0) .
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Appendix D: Comparison of the mass spectra (top spectra) 
of the GC peak at 17.98 minutes from the gas chromatogram 
of fatty acid methyl esters of whole-body lipids from a 
single, wild, juvenile common snapping turtle (Appendix 
A) and the mass spectra of 5,8,11,14-eicosatetraenoic 
acid, methyl ester (bottom spectra).
































Appendix E: Formula for calculation of fatty acid 
response factors and percentage of individual fatty acids 
relative to total fatty acid content of turtle tissues.
Calculation of Relative Response Factors:
Relative Response Factors (RRF)* =
(Area FASTD) (Concentration of FASTD) (Volume injected) 
(Area FA^d) (Concentration of FAjsTD) (Volume injected)
Calculation of individual FA as a percentage of total FA:
(RRF)(Area of individual sample FA) = Adjusted relative
area for 
individual FA
Relative percentage of total FA for individual FA =
(Adjusted relative area for individual FA^(100) 
t adjusted relative areas for all FA in sample
FA = fatty acid; FASTD = known standard for specific 
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